Municipal sewage treatment facilities have important implications for cities' sustainable development and water environment protection. This study's aim is to optimize the sewage treatment facilities by evaluating pollution effects and governance demands for Huai'an City in Jiangsu province, China. The township is chosen as the evaluation unit and the spatial pattern, change trend, and environmental impact of pollution sources are analyzed to examine the demands for sewage treatment facilities in the future. By employing the ArcGIS spatial analysis tools, the spatial matching patterns between municipal treatment capacity and sewage discharge are studied.
INTRODUCTION
Water quality improvement and pollution incident risk reduction have become urgent priorities for water resources management (Duan et al. ) . As the main sources of water pollution in many countries, point-source pollution is primarily associated with human excreta and industrial water use through wastewater drainage (He et al. a, ) . In some developed countries, stringent discharge regulations, development of sewerage systems and other relevant efforts in watershed management have led to significant improvements in river water quality in recent years (He et al. b; Takahasi ; Luo et al. ; Duan et al. ) . Therefore, the construction of sewage treatment plant as an important infrastructure in cities and towns has become one of the critical measures for preventing and controlling pollution as well as for protecting the current urban water environment at home and abroad. It plays a positive role in guaranteeing the treatment of domestic sewage and partial industrial wastewater in cities and towns, improving the water quality of rivers and lakes, and controlling pollution of the water environment in cities and towns (Shi et al. ; Zhou et al. ) . However, with the growth of city construction, the development of industrial zones, and the acceleration of residence construction in new areas, the aggregate discharge of wastewater and sewage in cities and towns continues to increase, while the demand. As a result, the present spatial arrangement of sewage treatment plants is disordered and aimless (Ke & Shi ) , and causes the wastage of plentiful urban infrastructure construction resources (Alexandra et al. ; Zhao et al. ) . Therefore, in order to improve the directivity and orderliness of urban sewage treatment facilities in terms of quantity, scale, construction time sequence, and spatial pattern, the spatial pattern of sewage control demand shall be considered as a factor for the time-space arrangement of urban sewage treatment facilities.
Urban centralized sewage treatment facilities in
Huai'an City of Jiangsu Province have mostly realized full coverage in urban areas of county level and above. However, on the one hand, current construction of sewage treatment plants is separated from pollution control demand; consequently, pollution discharge is by far larger than the treatment capacity, and regional pollution control is insufficient. On the other hand, insufficient supporting pipeline networks have resulted in the low operating efficiency of sewage treatment plants. Therefore, with Huai'an City as an example, based on analyzing the impact of pollution source pattern and the demand on sewage treatment facilities, and according to the spatial matching pattern of sewage discharge and governance capacity, this paper discusses the guide for spatial optimization of sewage treatment facilities, and provides a theoretical and methodological basis for the site selection and spatial layout optimization of economical and highefficiency urban sewage treatment facilities.
SITE DESCRIPTION
Huai'an is located on the east of Jianghuai Plain, the north- 
METHODOLOGY AND DATABASE
The methodology including prediction of discharge of wastewater and sewage, determination of sewage treatment capacity, and matching pattern of sewage treatment facilities is presented; the evaluation unit, the data sources and processing are introduced.
Wastewater and sewage discharge and treatment capacity Prediction of discharge of wastewater and sewage Method I: Per capita water consumption and the production and discharge coefficient of wastewater and sewage, with formula as shown below:
where a 1 and a 2 indicate the sewage collection rate of central urban areas and small towns; Method II: Water consumption of unit construction land and production-discharge coefficient of wastewater, with formula as shown below:
where a indicates the area of construction land, b indicates the sewage collection rate, X indicates the comprehensive water consumption of unit construction land, c indicates the loss rate of water supply, d indicates the repeated utilization rate, and e indicates the sewage discharge coefficient.
In accordance with the 'Code for Urban Water Supply
Engineering Planning (GB50282-98)' and the 'Overall Planning of Huai'an City 2009-2030', 10,000 m 3 per km 2 in a day is taken as X, 60% as b, 60% as d, 10% as c, and 0.8 as e.
Among the parameters, a is the only variable and the most influential factor to the discharge of wastewater and sewage.
According to prediction, by 2020, the increment of wastewater in the whole city will be 464,300 t/d, wherein that of urban areas will be 290,100 t every day, accounting for 62.48%, and that of four counties will be 174,300 t/d, accounting for 37.52%.
Determination of sewage treatment capacity
Based on the designed capacity of existing sewage treatment plants, the factors determining the actual sewage treatment capacity mostly include the operating load factor and centralized sewage treatment rate of urban sewage treatment plants, and their parameters are mainly determined according to the following.
Determination of a treatment plant's operating load factor.
According to the Opinions of the Ministry of Construction 
RESULTS AND ANALYSIS
From the two levels of time and space, this paper comprehensively analyzes the impact of pollution sources, the demand on sewage treatment facilities, and the spatial matching pattern of sewage treatment facilities, proposing optimization suggestions.
Current quality of the regional water environment and distribution of pollution sources
The water environment in Huai'an City is of good quality in general. Among the 38 surface water monitoring 
Potential releasing area
Discharge of wastewater and sewage is greater than water environment capacity, the actual treatment capacity is smaller than the actual discharge, but the designed treatment capacity is greater than the actual discharge Strengthening area Discharge of wastewater and sewage is greater than water environment capacity, the designed treatment capacity is smaller than the actual discharge, but the actual treatment capacity is smaller than the actual discharge Current state maintaining area
Discharge of wastewater and sewage is smaller or greater than water environment capacity, and the actual treatment capacity is greater than the actual discharge sections of the whole city in 2010, 33 sections were proved to have good-quality water; and the sections with relatively poor water quality and severe pollution were mainly distributed along Qing'an River, Xun River, and seaward waterways (Figure 1 ). Among more than 10 pollution-taking rivers in the whole city,
Qing'an River suffers from the severest pollution, and is determined to be a Class-V river. In 2010, Qing'an River received up to 19,458,000 t wastewater and sewage. Its pollutants mainly comprised domestic sewage from central urban areas and development zones and industrial wastewater from 109 key polluting enterprises, of which Dongli Dyeing (5,987,000 t) and
Longxing Printing and Dyeing (3,000,000 t) discharged relatively large quantities of wastewater. Following
Qing'an River is Xun River, which is a Class-IV river with light pollution receiving 18,281,000 t wastewater and sewage. Its pollutants are domestic water from (Figure 3 , Table 2 ). Current state and future trend of pollution discharge
Change in aggregate
The aggregate discharge of wastewater and sewage in the whole city continues to increase (Figure 4) , and the annual average growth rate was 8.6% in 2000-2010. The aggregate in 2010 was 265,657,000 t, wherein the annual average growth rate of industrial wastewater and domestic sewage discharge was 5.1% and 11.8%, respectively, accounting for 39.5 and 60.5% of the total discharge of wastewater and sewage at present. Along with the constant acceleration of industrialization and urbanization, the discharge of industrial wastewater and domestic sewage will continue to increase.
Spatial change
The main industrial pollution sources in the whole city are distributed in a relatively centralized way. Accounting for 73.99% of the whole city's total discharge, the 310 polluting Figure 5) . Wherein, the discharge in the central urban area is around 300 million tonnes, accounting for 75%, and that in the urban areas of four counties is around 100 million tonnes, accounting for 25%. According to the allocation of urban population, central urban areas, especially new urban areas, will experience rapid population growth in the future and the discharge of urban domestic sewage will greatly increase.
The spatial change of the aggregate discharge of wastewater and sewage in the whole city will present a more centralized trend ( Figure 6 ). Analysis of aggregate and spatial demand of sewage treatment facilities
Aggregate analysis
In recent years, the construction of centralized sewage treatment facilities has been accelerated and the sewage treatment rate of the whole city has been continuously and significantly increasing, from 4.1% in 2001 to 56.7% in 2010. In 2010, there were still 120 million tonnes of wastewater and sewage not subject to centralized treatment. In 2011, the total designed treatment capacity of 13 centralized sewage treatment plants (more than 20,000 t/d) was 170 million t/year, and the operating load factor was around 70%. According to prediction, by 2020, the aggregate discharge of urban domestic sewage The discharge of wastewater in 2020 will be smaller than the actual sewage treatment capacity; therefore, under the precondition of guaranteeing the normal operation of the existing town (street) sewage treatment plants, it will be able to meet the wastewater discharge demand in the near future without building, reconstructing or expanding sewage treatment plants.
The potential releasing area includes 10 small towns (streets) such as the urban area of Qingpu District, Nanma- along the same river may cooperatively or jointly construct a sewage treatment facility. In addition, towns with a centralized rural population, high degree of agricultural industrialization, and rivers, lakes and wetlands may greatly enhance the regional sewage treatment rate by means of constructing oxidation ponds.
DISCUSSION
Using ArcGIS spatial analysis tool, starting with the current quality of the regional water environment, the distribution and impact of pollution sources, and demand on sewage There is an urgent need to expand the sewage treatment plants, giving priority to surrounding waters with the simple function of discharging tail water, and further enhancing the implementation standards for the discharge of pollutants.
In accordance with the spatial matching of the treatment capacity of sewage treatment facilities and the discharge of wastewater and sewage, for towns (streets) in the urban area belonging to the potential releasing area, the existing sewage treatment facilities cannot meet the demand of wastewater discharge any longer; it is necessary to accelerate the construction of sewage pipeline networks and related supporting infrastructure as well as raise the operating efficiency of sewage treatment facilities. For towns (streets) at the edge of the city belonging to the current state maintaining area, there are fairly complete sewage treatment facilities and supporting pipeline networks. It is not necessary, therefore, to build, reconstruct or expand the sewage treatment plants; rather, it suffices to maintain the current state to meet future demands. For towns (streets) with a large urban population and rapid urbanization and industrialization development belonging to the sewage governance strengthening area, it is necessary to expand, re-build, and reconstruct the facilities according to higher standards and to strengthen the regional ability to govern wastewater and sewage. In addition, for towns in rural areas or far away from central areas, the construction of pipeline network facilities lags far behind. It is thus possible to strengthen the sewage governance ability by building new treatment plants, cooperatively constructing sewage treatment plants, or by means of oxidation ponds.
CONCLUSIONS
The research provides a new perspective for discussing scale determination and spatial site selection of urban sewage treatment plants. It may also provide certain theoretical evidence for the spatial optimization and construction of urban municipal infrastructure and the protection of the regional water environment. However, the research needs more depth in the following areas: during the research process, the researched area is taken as an enclosed area, thus the contribution of the sewage treatment plants outside the researched area to the regional internal sewage governance is not considered. This aspect is worthy of further in-depth research. In addition, although the coverage scope of the pipeline networks of sewage treatment plants is sufficiently considered, the point attribute data of sewage treatment plants are adopted for the estimation of sewage governance capacity. Precisely estimating the sewage governance capacity of surrounding areas is impossible and methods need to be further discussed.
